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LITERATURE REVIEW 
The problem of solid waste disposal has increased 
over the last fifty years. In 1020, about 1.25 kg of 
solid wastes per person were discarded daily. By 1980 
each citizen will contribute 3.64 kg/day to the solid 
waste load (Hortenstine and Rothwell, 1972). A percentage 
of these wastes is accumulated as sewage sludges. Sludge 
is generally retrieved through sedimentation of solids 
suspended in effluent at municipal waste water treatment 
plants. 
The fate of sludge solids is often varied. Older 
methods of municipal waste disposal still incorporated 
today are burning, land-fill, and, where possible, 
dumping into large bodies of water. These methods of 
disposal are considered to be poor waste management 
because they affect uncontrolled release of toxic 
substances into the environment and result in the 
misutilization of a potential energy source. 
Agricultural Utilization 
Within the last few decades workers have investigated 
application of municipal v;aste to agricultural land. 
This method of disposal results in some agronomic 
s 
advantages. Hinsely and associates (1972) reported 
increases in corn yields following sludge applications 
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of up to 96.5 tons dry solids/acre/year. In greenhouse 
experiments Hortenstine and Rothwell (1973) observed 
significant yield response in sorghum grown on soils 
amended with municipal compost equaling 64 metric tons/ 
hectare. Mays and associates (1973) reported similar 
findings in sorghum trials v;ith field applications of up 
to 143 tons of municipal compost solids/hectare/year. 
High yields of corn and bermudagrass occurred at 251 and 
179 tons of solids/hectare/year, respectively. The 
municipal compost used contained up to 20% solids as 
sewage sludge. Terman and coworkers (1973) increased 
yields in corn and tall fescue in greenhouse pot experi¬ 
ments using concentrations of compost equivalent to 9, 
18, and 36 tons/hectare. The highest compost treatment 
produced the highest yields. 
Conflicting data are presented by Purves and 
MacKenzie (1973) from field trials where garden vegetables 
grown on field plots amended with 25 and 50 metric tons 
sludge/hectare/year showed reduction in yields. Authors 
attributed yield reductions to high soil minor element 
concentrations. Reductions in ryegrass yields were 
reported by King and colleagues (1974) using liquid 
sludge applications equal to 31.4 tons of solids/hcctare/ 
year. No yield reduction occurred in Coastal bermudagrass 
grown under similar conditions (King and Morris, 1972a). 
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When utilizing sludge in separate experiments, King and 
Morris (1972b) noted reduced yields in ryegrass and a 
corresponding drop in soil pH. Ryegrass yields were 
increased when subsequent liquid sludge applications were 
accompanied with lime applications (6.7 tons dolomite/ 
hectare). The authors attributed the reduced yields to 
a pH induced increase in forage levels of Zn and Cu. 
Effects of Municipal Composting on Soil Properties 
Besides affecting yield, application of waste solids 
increase soil organic matter, CEC, water-holding capacity, 
and pH. Terman and cov;orkers (19 73) noted that heavy 
applications of compost (sludge solids and garbage) had a 
liming effect. Hortenstine and Rothwell (1973) noted 
water-holding capacity and CEC generally increased in 
arable soils receiving waste compost treatments of 64 
tons/hectare. Municipal compost applications used in 
conjunction with a fertilizer program increased CEC, 
water-holding capacity, and organic matter in phosphate- 
mine sand tailings (Hortenstine and Rothwell, 1972). 
A report that growth of vegetation on strip mine spoils 
receiving wastewater sludge solids at rates of 659 tons/ 
hectare surpassed controls receiving lime and chemical 
fertilizer was presented by Sutton and Vimmerstedt (1974). 
In field experiments Mays and coworkers (1973) observed 
4 
that municipal compost applications of up to 327 tons/ 
hectare over a 2 year period increased moisture-holding 
capacity, bulk density, organic matter, atid unconfined 
compression strength. A liming effect was also noted. 
Using excessively drained, sandy soil planted with slash 
pine, Bengtson and Cronettc (1973) found that industrial 
compost applications of up to 44 tons/hectare increased 
soil pH, organic matter, CEC, and exchangable bases. 
An investigation by Tan and associates (1972) in¬ 
dicated that chelating ligands oroduced by microbial 
decomposition of wastes have a competing action for K 
against fixation, thereby increasing F concentrations in 
the soil solution.. Boar (19 55) and King and iMorris (19 72b) 
did not note increases in available K in soils that 
received sludge applications. 
fletal Contents in Sewage Sludge 
A review on the effects of waste treatment on 
chemical composition of effluents and sludges was compiled 
by Page (1974). The chemical and biological quality of 
municipal sludges was exhaustively reviewed by Dick (1^75) . 
A bibliography prepared by Law (1968) explores publications 
concerned with agricultural uses of waste in cron produc¬ 
tion. The consequences of heavy metal contamination of 
arable lands are varied, depending on the elements 
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involved. Leeper (1972) generally includes Cd, Co, Cr, 
Cu, Fe, Hg, Mn, Mo, Ni, Pb, and 7-n in the list of heavy 
metals capable of affecting the growth of plants. The 
elevation of trace element contents in soils treated with 
sludge is discussed by Purves (1972) . Potentials for 
biological concentration of heavy metals in the food 
chain, as a result of contamination of soils with muni¬ 
cipal wastes, were reported by Van Hook (19 74), Iluckabee 
and Blaylock (1973, 1974), and Lu et al. (1975). 
Workers have directly correlated the metal analysis 
of sludge with the relative amount of industrial wastes 
incorporated in sludges (Klein, 1974; Isaac, 1976). The 
efficiency of heavy metals removal through primary and 
secondary sewage treatment was monitored by Brown et al. 
(1973). Wing, Doane, and Russell (1975) suggested in¬ 
soluble starch xanthate as an economically feasible 
system in removal of heavy metals from v;aste water 
suspensions. Removal of heavy metals from sewage effluent 
by soil filtration was investigated by Lehman and Wilson 
(1971) . Their results suggested that the method is in¬ 
effective over a long time period, as saturation of the 
soil with several trace elements occurs relatively 
quickly. 
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Cadmium. The toxic effects exerted by Cd on 
mammalian systems have been demonstrated in numerous 
species. Maladies include anemia, hypertension, "Itai 
Itai" (ouch ouch) disease, proteinuria, renal damage, 
and testicular necrosis (Washko and Cousin, 1975; Friberg 
et al., 1971; Nordberg, 1974; Sutherland et al., 1974; 
and Schroeder et al., 1967). Both Zn (Schroeder et al., 
1967) and Se (Chen et al., 1975) have been suggested to 
give possible mechanisms of protection against Cd toxicity 
in experimental animals. Cadmium serves no known function 
in plant or animal physiology. 
The increase in soil Cd through refuse and industrial 
contamination has prompted research investigating the 
factors v;hich affect Cd availability in soils. Maximum 
Cd adsorption by soil types was predicted successfully 
by John (1972b) using the Langmuir isotherm. Andersson 
and Nilsson (1974) observed the influence of lime and pH 
on Cd availability to fodder rape grown on sludge amended 
soil. They noted that increased soil pH decreased Cd 
accumulation in fodder tops. On the other hand, Jones 
and coworkers (1975) observed no effect of soil dH on Cd 
accumulation in corn leaves in trials conducted on field 
plots amended with sludge, but significant reductions in 
Cd concentrations in the grain were noted under high pH 
regimes. Lagerwerff (1971), studying the influence of pH 
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on uptake of Zn and Cd by radish, found that increasing 
the pH from 5.9 to 7.2 decreased uptake of Zn more than 
that of Cd. John et al. (1972) noted that applications 
of CaCO^ to soils contaminated with Cd did not reduce Cd 
concentrations in oat roots and did not effect Cd concen¬ 
trations in oat shoots. Greenhouse pot experiments con¬ 
ducted by Jones et al. (1973) showed that sludge sources 
of Cd in soils v/ere readily available for uptake and 
aerial accumulation by soybean. Similar findings were 
reported for 14 species grown in soils amended v/ith Cd 
and Cd-enriched sludge by Bingham et al. (1975) and for 
several species grown in Cd treated soils by Haghiri 
(1973). Page et al. (1972) demonstrated that species 
1 
vary in their tolerance to Cd solution levels when grown 
in solution cultures of comparable compositions and that, 
in all cases observed, the aerial portions are capable of 
accumulating excessive Cd amounts when the solution con¬ 
centration is of the order of a few tenths of a ppm.- 
Kirkham (1975) observed that increases in the frequency of 
irrigation increased the movement of Cd and Zn from sludge 
crusts into the soil profile and decreased the accumula¬ 
tion of Cd in barley. Studies monitoring the effects of 
soil Zn levels on Cd accumulation in soybean grov/n under 
controlled environment conditions were conducted by 
Haghiri (1974). The author found that adjusting soil Zn 
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levels to 50 ppm (w/w) increased Cd concentrations in 
shoot tissues. With soil Zn levels over 100 ppm, the 
opposite effect occurred. Ho concluded that this system 
of reducing Cd uptake did not attain practical merit as 
yield reductions accompanied Cd concentration reductions. 
Turner (1973) reported similar findings for several 
species (1973). Bittell and Miller (1974) postulated 
selectivity coefficients for Pb, Cd, and Ca on mont- 
morillonite, illite and kaolinite clays. Predictions were 
correlated with experimental data. Competition by Ca and 
Cd were more or loss even while Pb adsorption was favored 
by a factor of 2 to 3 over Ca. The significance of Cl~ 
as a potential mobilization agent for Hg, Cd, Pb, and Zn 
was assessed by Ilahne and Kroontje (1973). Results in¬ 
dicated that Cl may compete with hydroxy-complexes for 
binding with divalent metals and subsequently increase 
metal solubilities. 
Lead. An awareness of the harmful effects of Pb to 
animal metabolism (Hemphill et al., 1973) has prompted the 
monitoring of Pb accumulation in crops grown near site 
of possible contamination. John and VanLaerhoven inves¬ 
tigated Pb distribution in plants grown on contaminated 
soil (John and VanLaerhoven, 1972b) and Pb availability 
to plants as related to soil properties (John, 1972a; 
John and VanLaerhoven, 1972a). In greenhouse pot 
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experiments using 2 Pb-contaminated soils and 5 species, 
Cox and Rains (1972) observed that liming the soils con¬ 
sistently reduced shoot Pb concentration. Those findings 
were in accord with John and VanLaerhovcn (19 72a) . 
Atmospheric Pb contamination of edible crops has been 
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widely investigated (Ter Haar et al., 1969? Lagerwerff 
and Specht, 1970; Ter Haar, 1970; Lagerwerff et al, 1973; 
Ganje and Page, 1972; Hemphill et al., 1974; Page et al,, 
1971), The data indicated that soil Pb, not atmospheric 
Pb content, dictates the degree of Pb accumulation in 
agronomic crops, Bazzaz and cov/orkers (19 74) reported 
that photosynthesis was reduced by 50% in sunflov/er v/hen 
leaf tissue Pb concentrations reached 193 ppm (dry wt.). 
They elucidated the primary mode of disruption as an 
interference with stomatal function. Liebhardt and Koshe 
(1974) monitored Pb accumulation in 4 species grown on 
soils amended with municipal compost containing 300 ppm 
Pb. Lead content in the tops of the 4 species was not 
elevated in treatments incorporating up to 1:1 ratios 
(v/v) of soil to compost. 
Zinc. There has been an increased understanding of 
the essentiality of micronutrients in proper mammalian 
nutrition. The increased consumption of processed foods 
has resulted in increased occurrence of Zn deficiency 
(Prasad, 1966; Schroeder et al.. 1967). Symptoms for Zn 
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deficiency in humans include poor appetite, dwarfism, 
hypogonadism, hepatosplenomegaly, and geophagia. 
In high concentrations, Zn has been found to induce 
gastro-intestional misfunction and diarrhea of varying 
intensity in humans (Prasad, 1966) . In experimental 
animals, toxic levels of Zn produced disorders including 
hypochromic, mycrocytic anemia (Sutton and Nelson, 1937), 
Zn-induced Cu deficiency (Grant-Frost and Underwood, 
1958), and increases in excretion of urinary and fecal 
nitrogen (Sadasivan, 1951). 
The Role of zinc in Plant Nutrition 
The first evidence that Zn was essential for a plant 
(Zca mays L.) was presented in 1914 by Maze. Deficiency 
symptoms include little-leaf and rosette of apple, peach, 
pecan, and maize; fern leaf of potato; mottle leaf and 
frenching of citrus; and white bud of maize (Steward, 
1963) . 
The Zn status of most plants affects activity of 
auxins, in particular that of indoleacetic acid (Steward, 
1963). Skoog (1940) concluded that Zn was responsible 
for maintaining auxin in the active state but not for 
the synthesis of auxin. Tusi (1948) refuted Skoog's 
latter conclusion when he found that Zn was required for 
synthesis, in tomato, of tryptophan which is the precur¬ 
sor of auxin. Zinc has also been found to be an integral 
11 
part in several enzymes (Nason and McElroy, 1963). 
Cases of 7,n deficiency in vegetable, fruit, and field 
crops have been reported. The Zn contents were increased 
and deficiency symptoms were corrected in corn and 25 
crops grown on a Zn-deficient soil when Zn amendments 
were supplied to the afflicted crops (Viets et al., 1953 
and 1954) . Boawn and Leggett (1963) concluded that fern 
\ 
leaf, a growth disorder in potatoes, is caused by a 
deficiency in Zn. Zinc deficiency in sour orange seed¬ 
lings was reported by Bingham and Garber (1960). 
Factors Influencing Zn Availability 
Calcium and Phosphorus Compounds. Numerous renorts 
have cited the applications of Ca and P compounds to soils 
as the cause of Zn deficiency in several species. Melton 
et al. (1970) reported occurrences of Zn deficiency in 
Sanilac beans grown on calcareous soils. Wear (1951) 
observed that lime applied to a soil low in native Zn 
(2.24 tons dolomite/ha) reduced yields in corn by 57 kg/ 
ha. Warnock (19 70) found tlKrough greenhouse experiments 
that corn grown on a calcareous soil amended with phos- 
phatcs developed Zn deficiency symptoms. These findings 
are in agreement with those of Stukenholtz et al. (1966), 
Brown et al. (1970) , and Adriano et al. (1971) . It is 
widely accepted that the induction of Zn deficiency in 
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plants grown on soils with low native Zn levels and high 
pH is due to decreased solubility of Zn compounds under 
high pll regimes. The effects of Ca on Zn accumulation in 
plants, if any, have not been elucidated. 
The relation of soil P to crop utilization of low 
soil concentrations of Zn is disputed. Zinc deficiency 
was shown to bo accentuated under controlled nutrient 
conditions by increases in P (Chapman et al., 1937). 
Some workers attributed this Zn - P antagonism to the 
chemical precipitation of Zn as Zn phosphates in the soil 
system under high phosphate/low Zn conditions (Hodgson et 
al. , 196 6; Lindsay and Norvell, 19 69 ; Wallace et al., 
1969; Wear, 1956). Several investigators have reported 
that the solubility of Zn in soils is not affected by the 
presence of phosphates (Warnock, 1970; Stukenholtz et al., 
1966; Brown et al., 1970; Viets et al., 1953; Boawn et 
al., 1954). Other investigators noting a Zn - P antago¬ 
nism have attributed it to a physiological effect of 
high tissue P concentrations directly or indirectly 
reducing the mobility of Zn in the plant (Bingham and 
Garber, 1960; Bingham, 1963; Paulsen and Rotini, 1969; 
Burleson and Page, 1967; Adriano et al., 1971; Wallace 
et al., 1974; Boawn and Brown, 1968, Stukenholtz et al., 
1966). 
Potassium. Increasing the level of K in soils has 
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been reported to decrease the effect of P in suppressing 
Zn availability (Stukenholtz et al., 1966; Ward et al., 
1963). Melton et al. (1970) presented conflicting data. 
Zinc Toxicity of Crops 
Perhaps the first documented case of Zn toxicity 
was reported in 1939 by Chapman. In this experiment 
Valencia orange rooted cuttings were grown in sand cul¬ 
ture. When the cultures were amended with ZnO and Zn 
dust, a chlorotic condition (yellowing and venation) 
developed on the leaves, a Zn induced Fe chlorosis. 
Affected leaves were treated with FeSO^ and subsequently 
greened up in spots where the drops of the Fe solution 
were applied. Retarded grov/th also accompanied the 
chlorotic conditions. Reed (1938) suggested that Zn 
functions in oxidation reactions whereby excess Zn 
prevents Fe reduction within the root and thus prevents 
transport to the leaves. Ambler and collaborators (1970) 
confirmed Reed's hypothesis by showing that Zn inter¬ 
fered with translocation of Fe in soybean. Iron trans¬ 
location was hampered duo to inhibition of the reducing 
capacity of the root. Zinc-induced Fe chlorosis 
developed in corn grown on a media of sphagnum peat and 
ground rubber tires (Milbocker, 1974). Addition of 
chelated Fe to affected plants restored growth rate and 
14 
green color. Reduced yields in several plant species 
have been correlated with phytotoxic soil Zn levels 
(Purves and MacKonzie, 1973; King and Morris, 1972; 
Purves, 1972; Rohde, 1962; Giordano et al., 1975). Poison 
and Adams (1970) noted that shoots and roots of Sanilac 
bean (known to be a poor Zn accumulator) were less stunted 
when grown in sand culture under toxic Zn conditions (50 
ppm Zn in nutrient solution) than Saginaw bean (known to 
be an efficient Zn accumulator). Differential growth 
was not related to differential uptake or to distribution 
of nutrients, as elemental composition of the two 
varieties did not vary significantly. Wallace et al. 
(1974), using solution concentrations of 65 ppm Zn, 
found that increasing solution P (from 0 to 4 and 400 
ppm P) increased tissue concentrations and total Zn in 
bush beans. Similar findings for soybeans were reported 
(Wallace, 1973). Zinc toxicities in two varieties of 
soybean developed when they were subjected to solution 
culture conditions of low Zn (0.16 ppm) and high P 
(0.01-0.03 M). 
Municipal Compost Applications 
and Zn Toxicity 
Observations by Mays et al. (1973) indicated that 
potentially toxic amounts of Zn could accumulate in soils 
if municipal composts were applied at rates totaling 
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several hundred tons/ha over a few years. Several workers 
have attributed an increase in soil pH, which was observed 
to occur when municipal composts were applied to soils, 
to the lack of yield reductions and acceptable Zn concen¬ 
trations in tissues of crops grown on soils amended with 
municipal composts (Mays et al., 1973; Terman et al., 
1973). Jones et al. (1975) reported that no excessive 
Zn accumulation in corn leaves occurred when the species 
was grown on sludge-amended soils of high pH and large 
amounts of available Zn (a Ca effect is speculated). 
Mortvedt and Giordano (1975) concluded that sludge 
sources of Zn were less available to crops than a 
chemical source. Waste incubation in soil for 18 months 
did not increase plant-available Zn. The factors effec¬ 
ting the Zn available to plants grown on sludge-amended 
soils have not been equivocally elucidated. 
Conclusion 
Sewage sludge has been found to be a good source of 
organic matter and many essential plant macronutrients, 
and has been found to contain high analyses of essential 
and nonessential heavy metals. The controlled applica¬ 
tions of municipal composts to farmlands have resulted 
in the improvement of CEC, percent organic matter, and 
water holding capacity of the soils and have increased 
16 
the yield of many crops. One major drawback with sludge 
applications to soils is a potential for the buildup of 
toxic metals in the plant-soil system leading to reduced 
crop yields and biological concentration of metals in the 
food chain. Many reports in the literature have addressed 
the aspects associated with the cultivation of crop 
species on soils contaminated with Zn and other metals. 
A few investigators have incorporated actual soil systems 
which are contaminated by metals in sludge form in 
attempts to uncover the relative consequence of high 
metal concentrations in soils on crop yields and metal 
accumulation and the factors influencing metal accumu¬ 
lation in crops. It has been observed that Zn deficiency 
in several crop species is aggravated when soils low in 
Zn are amended with P and Ca compounds. However, the 
influences of Ca and P compounds on the availability of 
Zn in the soil solution to plants grown on lands amended 
with municipal compost have not been thoroughly inves¬ 
tigated. These possible mechanisms of antagonism toward 
Zn accumulation in crops merit further studies as they 
might eliminate a negative consequence associated with 
the land applications of municipal composts. 
17 
TITLE* 
ABSTRACT* 
PART I 
INFLUENCES OF SOIL pH, AND PHOSPHORUS 
ON ZINC ACCUMULATION IN RADISH (Raphanus sativus 
L.) GROWN IN ZnEDTA TREATED SOIL 
An investigation was conducted under green¬ 
house conditions to disclose possible influences 
of soil pH, Ca and P levels, and Ca-P and pH-P 
interactions on Zn accumulation in radish (Ra¬ 
phanus sativus L.,cv. *Cherry Belle") grown 
in soil treated with an organic Zn source. 
All soil received 50 mg Zn/kg of soil as 
ZnEDTA. Three levels of KH^PO^^ (0, 200, and 
400 mg P/kg of soil ) were incorporated in a facto¬ 
rial combination with 4 levels of CaCo^ and 
4 levels of CaSO^ (equivalent to 0.0, 0.5» 1.0, and 
2.0 g Ca/kg of soil). All treatments were appli¬ 
ed preplant and were replicated 5 times in a 
complete randomized block design. Radishes were 
harvested upon attaining marketable maturity. 
Variables monitored included tissue dry weight, 
Zn concentration, and total Zn accumulation. 
The addition of 2.0 g Ca/kg of soil as CaCO^ 
(which adjusted soil from pH 5*9 to pH 6.7) to 
ZnEDTA treated soil significantly restricted Zn 
accumulation in the tissues of radishes, relative 
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to those which received no Ca treatment. The 
restriction in Zn accumulation was primarily 
due to a pH effect, as additions of equivalent 
levels of CaSO^ (which adjusted the pH of the 
soil to 5*3) did not depress Zn accumulation 
in the tissues of radishes. 
A P treatment of 400 mg P/kg of soil sig¬ 
nificantly reduced Zn concentrations in radish 
roots, relative to controls that received no 
added P. However, radish root yield was increased 
and total Zn accumulation in radish roots was 
not restricted under this P treatment. The re¬ 
sults indicate that the reduction of Zn concen¬ 
trations in the roots of radishes under high P 
treatment is due to a dilution factor and not to 
a reduction in Zn uptake. 
The concomitant of P to soils treated with 
any one level of either CaCO^ or CaSO^ did not 
give significant restrictions in the accumulation 
of Zn by the roots of radishes, relative to those 
which received no P within any corresponding Ca 
subclass. Prom these data, it would seem that 
Ca-P and pH-P interactions do not play a major 
role in antagonizing Zn uptake by plants grown 
in ZnEDTA treated soil. 
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INTRODUCTION 
The beneficial effects associated with applications 
of municipal sludge wastes on farmlands include increased 
soil organic matter, CEC, v/ater-holding capacity, and 
fertility (Hortenstine and Rothwell, 1973; Mays et al., 
1973). However, researchers have discovered several 
drawbacks associated v/ith this system of soil husbandry. 
One problem is the buildup of phytotoxic amounts of Zn 
or other toxic metals in soils amended with sludge. 
These metals may subsequently reduce crop yields and con¬ 
taminate the food chain (Lunt, 1953; King and Morris, 1972; 
Purves and MacKenzie, 1973). Little work has been devoted 
to the elucidation of factors affecting the chemistry of 
Zn in sludge organic complex or of the effects of high soil 
concentrations of sludge complexed Zn on crop yield and 
Zn accumulation. Results of studies incorporating sludges 
are often equivocal, due to complications brought about by 
other factors (total sludge analysis, % organic matter, 
origin of the sludge, etc.). Tan et al. (1971) hypothe¬ 
sized that the soluble organic fraction in sewage sludge 
is the chemically active portion which accounts for the 
accumulation of Zn from effluent through the process of 
chelation. They postulated that in sludge-treated soil 
systems these organic complexes could account for a large 
20 
amount of plant available Zn in the soil solution. 
These complexes were found to be more stable at pH 7.0 
than at pH 5.5. The authors concluded that a reduction 
in the stability of these Zn complexes in soil solution 
increased the potential for creating Zn toxic conditions 
for plants through an increase in solution Zn . Studies 
by Cunningham et al. (1975) have shown that plants 
utilize ionic Zn more efficiently than equivalent amounts 
of sludge complexed Zn. 
Norvell and Lindsay (1969) established that ZnEDTA, 
an organic chelate, was most stable in soil systems main¬ 
tained near pH 6.75. They noted that decreasing the pH 
of soil solution resulted in the substitution of Fe for 
Zn and that increased pH resulted in the replacement of 
Ca for Zn in the chelate. The results suggested that in 
moderately acid to slightly alkaline soils (pH 6.1-7.3) 
the availability of Zn would not be limited by the loss 
of Zn from EDTA complex. Thus, one might conclude that 
relative to soil pH, EDTA-chelated Zn displays 
characteristics similar to Zn in sludge organic complex 
in the soil solution as described by Tan and collabora¬ 
tors (1971). 
King and Morris (1972) found that a decrease in pH 
on a sludge-treated plot resulted in a lowering of yields 
and increases in Zn concentrations in rye grass and in 
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the soil solution. Dolomite applications corrected these 
conditions. Indeed, if crop accumulation of Zn from soils 
treated with high levels of ZnEDTA is aggravated by a 
lowered pH (which effects the loss of Zn from EDTA 
complex) , we might conclude that conditions v/hich in¬ 
fluence decreases in organic Zn complex stability allow 
increases in plant accumulation of Zn. 
Reductions in crop accumulations of Zn have been 
attributed to applications of P and lime on soils with 
low native Zn levels (Wear, 1956; Melton et al., 1970; 
Burleson et al., 1961; Warnock, 1970; Brown et al., 1970; 
and King and Morris, 1972) . Studies of the influences of 
these factors on soil systems fortified with additional 
Zn in organic complexes are seemingly absent from the 
literature. 
Our intent is to (i) note the effect of liming 
amendments on total Zn accumulation, Zn concentrations, 
and yield of a crop grown in ZnEDTA-treated soil, (ii) 
study the effects of 2 Ca sources (CaCO^ and CaSO^) on 
Zn concentrations and Zn accumulation of a crop grown in 
ZnEDTA-treated soil, and (iii) monitor a possible P effect 
and a Ca-P or a pH-P interaction in the reduction of Zn 
accumulation and Zn concentrations in a crop grown in 
ZnEDTA-treated soil. 
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I4ATERIALS AND METHODS 
A soil mix of 7 parts loam, 3 parts peat, and 2 parts 
coarse sand (by volume) was prepared in February, 1976, 
for use in this study. Soil masses of 1000 g were weighed 
and contained in 15-cm pots. Each soil system received 
50 mg Zn/kg of soil applied as ZnEDTA in solution. 
Treatments were KH2PO^ fertilizer at 0, 200, and 400 
mg P/kg of soil with CaCO^ and CaSO^ subclass treatments 
totaling 0.0, 0.5, 1.0, and 2.0 g Ca/kg of soil within 
each KH2P0^ level. All treatments were applied preplant 
and replicated 5 times in a complete randomized block 
design. Radish (Raphanus sativus L. cv. "Cherry Belle") 
was direct seeded at a rate of 15 to 20 secd/pot. Upon 
establishment the seedlings were thinned to a uniform 
stand of 5/pot. A total of 200 mg N was applied to each 
pot in two applications of NH^NO^ at 14 and 23 days after 
the seeding of the experiment. Samples were harvested 
when marketable size was attained (35 days after seeding). 
Plant materials were separated into edible expanded 
hypocotyl-root complexes (hereafter referred to as roots) 
and shoots, force-air oven dried at 70 to 75 °C, weighed, 
and ground in a Wiley mill to pass a 40-mcsh screen for 
chemical analysis. Samples were prepared for analysis 
with a wet ashing procedure. Tissue Zn concen- 
23 
trations v/ere determined by atomic absorption methods. 
Soil pH was measured electrometrically. 
24 
RESULTS 
Shoot Yield. Shoot yields of radishes treated with 
P within any level of CaSO^ or CaCO^ treatment were not 
significantly different when compared to corresponding 
controls (Table 1). The additions of CaCO^ and CaSO^ to 
systems with or without P treatment did not influence 
shoot yields. 
Root Yield. V7ith only one exception, root yields 
were significantly higher for radishes receiving additional 
P treatments than for radishes receiving no additional P 
within all CaSO^ and CaCO^ treatments (Table 2). Calcium 
source and- Ca level did not affect root yield when 
radishes received no additional P. When grov/n under the 
intermediate P treatment (200 mg P/kg of soil) radish 
root yields were significantly increased with the addition 
of 2.0 g Ca/kg'of soil, as CaCO^. Calcium sulfate treat¬ 
ments within the 200 mg P/kg of soil regime had no effect. 
Within the 400 mg P/kg of soil treatments increasing soil 
levels of CaSO^ or CaCO^ did not influence radish root 
yields. 
t 
Shoot Zn Concentrations. The addition of CaCO^ 
reduced Zn concentrations in the shoots of radishes in 
most cases (Table 3). With CaCO^ treatments of 0.0, 0.5, 
and 1.0 g Ca/kg of soil, Zn concentrations in radish shoots 
were significantly increased with the P treatments of 200 
25 
t 
Table 1, Radish shoot yield as influenced by Ga source, 
Ca level, and P level. 
- KHpPO/^, mg P/kg of soil — 
Ca added, soil 
g Ca/kg of soil pH 0 200 400 
- dry wt,, g/pot 
as CaCO-^i 
0.0 5.9 2.35 ab 2,63 abc 2.51 abc 
0.5 6.1 2.52 abc 2,66 abc 2.25 a 
1.0 6.3 2,62 abc 2,61 abc 2,5^ abc 
2.0 6.7 2,41 abc 2,66 abc 2,46 abc 
as CaSO^f 
0.5 5.8 2.35 ab 2,67 abc 2.48 abc 
1.0 5.7 2,62 abc 2,68 be 2,81 c 
2.0 5.3 * 2.42 abc 2,68 be 2.58 abc 
Means followed by a different letter are significantly 
different (P = 0,05). 
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Table 2. Radish root yield as influenced by Ca source, 
Ca level, and P level, 
KHpPO/,, mg P/kg of soil 
Ca added, soil 
g Ca/kg of soil pH 0 200 400 
dry wt., g/pot 
as CaCO'^i 
0,0 5.9 2,53 ab 3.29 bed 4.15 ef 
0,5 6,1 2.62 ab 2.69 ab 3.50 ede 
1,0 6,3 2.40 a 3.98 d<5 f 4.00 def 
2,0 6,7 2,27 a 4.27 ef 4.35 f 
a 
as CaSO/^i 
0,5 5.8 2.82 abc 3.97 def 4.19 ef 
1,0 5.7 2,55 ab 3.90 def 4.47 f 
2,0 5.3 2.58 ab 3.76 def 3.69 def 
Means followed by a different letter are significantly 
different (P = 0,05), 
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Table 3* Zinc concentration? in radish shoot? a? in¬ 
fluenced by soil pH, and Ga and P levels. 
- KH^PO^, mg P/kg of soil — 
Ca added, soil 
g Ca/kg of soil pH 0 200 400 
Zn, ppm of dry wt. 
as CaCO^* 
o
 • 
o
 5.9 249 n 265 0 137 b 
0.5 6.1 163 d ■ 200 ijk 153 c 
1.0 6.3 177 e 206 jk 135 ab 
2.0 6.7 202 ijk 194 ghi 127 a 
as CaS04i 
0.5 5.8 191 207 k 1 82 ef 
1 .0 5.7 230 1 198 hij 189 fg 
2.0 5.3 241 mn 235 Im 245 n 
Means followed by a different letter are significantly 
different (P = 0,05). 
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mg P/kg of soil and decreased with the P treatments of 
400 mg P/kg of soil compared to controls that received no 
P. Intermediate CaSO^ treatments (0.5 and 1.0 g Ca/kg of 
soil) reduced shoot Zn within the lowest P subclasses 
(0 and 200 mg P/kg of soil) relative to controls that 
received no Ca addition. Under high P treatment (400 mg 
P/kg of soil) shoot Zn concentrations were significantly 
increased with CaSO^ soil amendments relative to the 
control. Within intermediate CaSO^ treatment subclasses 
(0.5 or 1.0 g Ca/kg of soil) the Zn concentrations in 
shoots of radishes treated with 0 or 200 mg P/kg of soil 
were significantly higher than those in radishes treated 
with 400 mg P/kg of soil. 
Root Zn Concentrations. The additions of 1.0 or 2.0 
g Ca/kg of soil, as CaCO^, significantly decreased Zn 
concentrations of radish roots within each P treatment 
subclass (Table 4) relative to each respective control. 
When P additions were 0 and 200 mg P/kg of soil, the 
lov/est CaCO^ treatment (0.5 g Ca/kg of soil) significantly 
reduced Zn concentrations in radish roots. Within each 
CaCO^ treatment subclass, the Zn concentrations in the 
roots of radishes receiving 400 mg P/kg of soil wore 
significantly lower than those in the roots of radishes 
receiving 0 or 200 mg P/kg of soil. Decreases in radish 
root Zn concentrations resulted under low CaSO^ treatment 
29 
Table 4. Zinc concentrations in radish roots as influ¬ 
enced by soil pH, and Ca and P levels. 
- KH2PO4, mg P/kg of soil — 
Ca added, soil 
g Ca/kg of soil pH 0 200 400 
as CaCO^i 
- Zn, ppm of dry wt. 
0
 • 
0
 5.9 186 h 216 j 121 c 
0.5 6.1 140 de 156 f 126 c 
1.0 6.3 138 de 124 c 99 b 
2.0 6.7 139 de 126 c 90 a 
as CaS’041 
0.5 5.8 1 46 e 126 c 140 de 
1.0 5.7 198 i 1 35 d 124 c 
2.0 5.3 209 j 170 g 126 c 
Means followed by a different letter are significantly 
different (P = 0,05). 
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(0.5 g Ca/kg of soil) in the 0 and 200 mg P/kg of soil 
subclass treatments, but additions of 1.0 or 2.0 g Ca/kg 
of soil, as CaSO^, significantly increased Zn concentra¬ 
tions in radish roots relative to the low CaSO^ treatment. 
Phosphate treatments gave decreased Zn concentrations in 
radish roots within the highest two CaSO^ treatment 
subclasses (1.0 and 2.0 g Ca/kg of soil) relative to 
controls that received no added P. 
Shoot Zn Accumulation. Calcium carbonate treatments 
within the 0 and 200 mg P/kg of soil subclasses decreased 
total Zn accumulation in radish shoots significantly 
relative to controls (Table 5). The accumulation of Zn 
in the shoots of radishes grown in soil that received the 
highest P treatment (400 mg P/kg of soil) was not effected 
by CaCO^ treatment. When soils not treated v/ith Ca 
received high P treatment (400 mg P/kg of soil), the 
accumulation of Zn in the shoots of the radishes was 
restricted relative to the radishes that received no P. 
The converse was noted when intermediate P treatment (200 
mg P/kg of soil) was incorporated under the same condi¬ 
tions. Zinc accumulation in the shoots of radishes grown 
in soils not treated with P was restricted by low CaSO^ 
treatment (0.5 g Ca/kg of soil) and was uneffected by the 
highest CaSO^ (1.0 and 2.0 g Ca/kg of soil) treatments 
(Table 5). Calcium sulfate treatments of 0.5 and 1.0 g 
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Ca/kg of soil significantly restricted Zn accumulation in 
the shoots of radishes grown in soil amended with inter¬ 
mediate amounts of P (200 mg P/kg of soil). High CaSO^ 
soil treatment (2.0 g Ca/kg of soil) did not effect the 
accumulation of Zn in the shoots of radishes in the 200 mg 
P/kg of soil treatment relative to control. All calcium 
sulfate treatments increased shoot Zn accumulation in 
radishes within the 400 mg P/kg of soil treatment subclass 
relative to control that received no added Ca. 
Root Zn Accumulation. Within each P treatment sub¬ 
class CaCO^ generally decreased total Zn accumulation in 
radish roots (Table 6) relative to subclass control. 
Within any CaCO^ treatment subclass Zn accumulation in 
radish roots was not significantly influenced by treat¬ 
ments of 400 mg P/kg of soil when compared with respective 
CaCO^ controls which received no P. However, additions of 
200 mg P/kg of soil significantly enhanced Zn accumulation 
in the roots of radishes within the 0.0, 1.0, and 2.0 g 
Ca/kg of soil CaCO^ treatment subclasses. Calcium 
carbonate additions to radishes treated with 200 mg P/kg 
of soil restricted Zn accumulation in the roots compared 
to those radishes receiving no added CaCO^. When soils 
were not treated with P, the CaSO^ treatments had no 
effect on Zn accumulation in roots of radishes compared to 
controls that received no CaSO^ (Table 6). Additions of 
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CaSO^ to radishes within the 400 mg P/kg of soil treat¬ 
ment subclass did not affect Zn accumulation in the roots 
of radishes relative to controls that received no CaSO^. 
Additions of 0.5 or 1.0 g Ca/kg of soil, as CaSO^, 
restricted Zn accumulation of radishes within the 200 mg 
P/kg of soil treatment subclass relative to the radishes 
within the 200 mg P/kg of soil treatment subclass that 
4* 
received no CaSO 
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DISCUSSION 
pH Effects. Norvell and Lindsay (1969) found that 
the stability of the ZnEDTA complex decreased outside the 
range of pH 6.1 to 7.3. Tan et al. (1971) predicted that 
the decrease in stability of Zn complexed with sludge 
organic matter could, if incorporated into a soil system, 
24- 
result in increased Zn available for plant uptake in the 
soil solution. The influence of soil pH on Zn concentra¬ 
tions and Zn accumulation in the tissues of radishes grown 
in ZnEDTA treated soil can be seen in Table 7. Under the 
lowest pH conditions (pH 5.7 or pH 5.3) Zn concentrations 
and Zn accumulations in the tissues of the radishes were 
generally enhanced compared to those within the highest 
✓ 
pH conditions (pH 6.3 or pH 6.7). These results concur 
with what Tan et al. (1971) hypothesized would happen and 
what King and Morris (1972) observed to happen to Zn 
concentrations in ryegrass grown on sludge amended soil 
v/hen the soil system experienced a drop in pH. These 
results may be an indication that under soil conditions 
of high Zn and low pH the instability of ZnEDTA brings 
24- 
about a rapid release of Zn inLo LIk^ r.oil syr.lem and 
enhances Zn uptake by crop systems. Consequently, ZniilDTA 
could be considered to be a model that mimics the chemical 
behavior of sludge-complexed Zn in soil solution relative 
to pH. 
T
ri
b
lf
t 
7.
 
In
.r
iu
«
n
c
p
o
 
o
f 
v
a
ry
ln
if
/ 
lf
»
v
«
l3
 
o
f 
tw
o
 
C
n 
c
o
rn
p
o
u
n
d
a
, 
n
n
 
n
o
il
 
pH
 
o
n
 
th
«
 
c
o
n
c
<
»
n
tr
a
ti
o
n
a
 
a
n
d
 
th
n
 
to
ta
l 
a
c
c
u
m
u
la
ti
o
n
 
o
f 
Z
n
 
36 
-c
o 
tc 
a: 
c s: c: 
^3 -»-* 
C C 
r c 
03 C 
o 
e-i c -i-* 
o o 
o o 
C5 
C 
E >» 
d. ^ 
d.T3 
o 
O X X 
X =f cr S z o a 
O e- \rv eg vr\o 
cv.\o O 
^ c^r^r> ^ vr>»rN 
JC ^ 
xrv^^'O 
X ▼- O X 
0“' r> r^ 
C X 
^ >0 VTk 
-3 O X 
vO O X 
X -:?■ r^r> 
>0X0 
^ OO 
^ ^ eg 
ei - X X o c ^ 
oe^r^cvi 
-:?■ o o 
og ^ eg eg eg 
X 
o 
O X 
O ^ 
• • • • 
vf»0 >0 >0 
X D'-r^ 
• • • 
c 
«• «• 
o y: •<-> O o' 
\ c X 
3 t: C O O V\0 o 
w o o • • • • O • • • 
c o o ^ eg C eg 
tcv. r 
E O c: 
M
en
n
a 
w
lt
h
lr
i 
a
n
y
 
c
o
lu
m
n
 
fo
ll
o
w
e
d
 
b
y
 
a
 
d
if
f
e
r
e
n
t 
le
tt
e
r
 
a
re
 
M 
l^
/,
n
ir
ic
a
n
tl
y
 
d
if
f
e
r
e
n
t 
(P
 
■ 
0.
0
5
) 
• 
37 
Ca Effects♦ The possibility that restrictions in 
Zn accumulation in crops grown on calcareous soils (as 
observed by King and Morris, 1972; Wear, 1956; Warnock, 
1970; Melton et al., 1970) are due to a Ca effect in 
addition to a pH effect v/as investigated. Table 7 shov;s 
the influence of Ca amendments on the Zn concentrations 
and Zn accumulation in the tissues of radishes grown in 
ZnEDTA-treated soil. Calcium carbonate amendments which 
led to an increase in soil pH generally reduced Zn con¬ 
centrations and restricted Zn accumulation in the tissues 
of radishes. No consistent trends could be noted for the 
effect of CaSO. on Zn accumulation and Zn concentrations 
4 
in the tissues of the radishes with respect to controls 
that received no added Ca, and this can be explained by a 
pH effect. The lower CaSO^ treatment (0.5 g Ca/kg of 
soil) generally restricted Zn accumulation and reduced Zn 
concentrations in the tissues of the radishes compared to 
controls that received no Ca treatment. The converse was 
generally noted for radishes grown in soil that received 
1.0 or 2.0 g Ca/kg of soil as CaSO^. The pH of the soil 
systems that received high CaSO^ treatment (1.0 and 2.0 g 
Ca/kg of soil) was lower than that observed in the control 
systems which received no added Ca. The fact that high 
CaSO^ soil treatments generally did not restrict Zn 
accumulation or Zn concentrations in the tissues of 
38 
radishes while CaCO^ treatments did, tends to support the 
belief that pH, not soil Ca, is the governing factor in 
/ 
the reduction of Zn accumulation in crops grown on limed 
soil. However, because low levels of CaSO^ restricted Zn 
accumulation and Zn concentrations in the tissues of ra¬ 
dishes to the same extent as equivalent CaCO^ soil 
treatment, we can not preclude that soil Ca has no effect 
on Zn uptake by plants. 
P Effects. The possibility that restrictions of Zn 
accumulation and reductions of Zn concentrations in the 
tissues of radishes grown in ZnEDTA treated soil could be 
effected through increases in soil P was investigated. 
The influence of soil P level on the accumiulation and 
concentrations of Zn in the tissues of radishes grov/n in 
ZnEDTA treated soil are presented in Table 8. It was 
noted that Zn accumulations and Zn concentrations in the 
tissues of radishes were enhanced v/hen the plants received 
200 mg P/kg of soil, when compared to those that received 
no added P. The converse was generally noted for Zn 
concentrations in the tissues and Zn accumulation in the 
shoots of radishes in the 400 mg P/kg of soil treatment 
class. Zn accumulation in the roots of radishes treated 
with 400 mg P/kg of soil was comparable to that of radishes 
grown in soil that received no P. Because root yields of 
the radishes that received 400 mg P/kg of soil were 
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higher than the yields in corresponding controls it 
appears tliat the significant reduction in the root Zn 
concentrations of radishes grown in soil that received 
high P treatment was due to a dilution effect. It does 
not appear that P has any dynamic ability to reduce plant 
uptake of Zn from ZnEDTA treated soils with a pH of 5.9. 
In fact the evidence indicates that under these conditions 
P might be more apt to stimulate the opposite effect. 
Similar findings have been reported by Wallace et al. 
(1974) , Bingham (1963) , Bingham, and Garber (19 60) , Warnock 
(1970), and Stukenholtz et al. (1966), although these 
findings are not directly comparable due to differences 
in the sources of Zn incorporated. Data relating decreases 
in Zn concentration in crops to increases in P nutrition 
were presented by Brown et al. (1970) , Boav/n and Leggett 
(1964), and Ward et al. (1963). 
Ca-P and pH-P Interactions. Phosphate applications 
to calcareous soils have been reported to aggravate Zn 
deficiency in several species (Warnock, 1970; Melton et 
al., 1970; and Wear, 1956). These reports prompted the 
monitoring of the effects of soil pH and Ca levels on the 
uptake of Zn by radish grov;n in soil treated with ZnEDTA 
and P, in an effort to uncover a possible tool for use in 
reducing Zn uptake by crops grown in sludge-treated soils. 
Both CaCO^ and CaSO^ were incorporated in conjunction with 
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P treatments to disclose whether the reported phenomenon 
was a Ca-P or a pK-P interaction. The influences of soil 
pH and Ca source and Ca level on Zn accumulation and Zn 
concentrations in the tissues of radishes growm in soil 
treated with P and ZnEDTA are presented in Tables 5 and 6 
and Tables 3 and 4 respectively. Under conditions of high 
soil P (400 mg P/kg of soil) CaCO^ treatments that totaled 
1.0 or 2.0 g Ca/kg of soil (which increased soil pK from 
5.9 to 6.3 and 6.7, respectively) generally restricted Zn 
accumulation in the roots and decreased Zn concentrations 
in the tissues of radishes compared to radishes that 
received 400 mg P/kg of soil and no Ca. All CaSO^ treat¬ 
ments applied to soils treated with 400 mg P/kg of soil 
(which tended to decrease or not affect pH) enhanced or 
did not influence Zn accumulations or concentrations in 
the tissues of radishes with respect to controls that 
received 400 mg P/kg of soil and no added Ca. The effects 
of CaCO^ additions on the restriction of Zn accumulation 
and reduction of Zn concentrations in the tissues of 
radishes grown in soil treated with ZnEDTA and 200 mg P/kg 
of soil were similar to those observed in radishes that 
received 400 mg P/kg of soil. Calcium sulfate treatments 
were generally comparable to or less effective than 
equivalent CaCO^ treatments in the reduction of Zn con¬ 
centrations and restriction of Zn accumulation in tiie 
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tissues of radishes grown in soil treated with ZnEDTA and 
200 mg P/kg of soil. It must be noted that regardless of 
Ca treatment source or level, the amount of Zn accumulated 
in the roots of radishes grown in soil amended with P was 
never significantly less than that in the corresponding 
controls that received no added P. Thus reductions in Zn 
concentrations in the roots of radishes that received 400 
mg P/kg of soil within any Ca treatment subclass relative 
to control represents a dilution effect, not a Zn-P 
antagonism in the soil solution. 
It would appear that a Ca-P or a pII-P interaction 
plays a relatively small role, if any, in the restriction 
of Zn uptake by crops grown in soil treated with Zn in 
organic complex. These data do suggest that pH is the 
major factor influencing Zn uptake by crops grown in 
ZnEDTA-treated soil and, consequently, in sludge treated 
soils. The results also indicate that soil pH is an 
important factor to consider in understanding the 
controversial role that soil P plays in the Zn nutrition 
of crops. 
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INFLUENCES OF SOIL pH, AND SOIL P AND K LEVELS 
ON THE YIELD AND ZINC ACCUMULATION IN RADISH 
(Raphanus sativus L.) GROWN IN SOIL AMENDED 
WITH VARYING LEVELS OF SLUDGE AND ZnEDTA 
An investigation was conducted under 
greenhouse conditions to disclose influences 
of soil pH, and P and K levels on yield and 
accumulation of Zn in the tissues of radishes 
(Raphanus sativus L., cv. ’Cherry Belle*) 
grown in soil contaminated with varying levels 
of 2 sources of organically complexed Zn. 
Six levels of sludge (0.0, 2.5» 5» 10, 
20, and 40 ppm Zn) and 3 levels of ZnEDTA 
(0, 50f and 100 ppm Zn) were incorporated in 
a factorial combination with 3 levels of 
Ca(H2P0|^)2 (0, 200, and 400 ppm P) , and 3 
levels of KCL (0, 200, and 400 ppm K), and 
3 levels of Ca(0H)2 (0, 270, and 5^0 ppm Ca). 
All treatments were applied preplant and 
replicated 5 times in a complete randomized 
block design. Radishes were harvested upon 
attaining a marketable size. Variables mon¬ 
itored included tissue dry weight, Zn concen- 
M 
tration and total Zn accumulation. 
Increasing the pH of soils treated with 
high levels of sludge (10, 20, or 40 ppm Zn) 
or ZnEDTA (50 or 100 ppm Zn) generally restrict¬ 
ed Zn accumulation and reduced Zn concentra¬ 
tions in radish tissues. This trend was not 
realized when Zn additions were low (2.5 or 
5 ppm Zn as sludge) or lacking. Dry weight 
yields were not significantly influenced by the 
variation in soil pH. 
Soil P treatments generally did not in¬ 
fluence yield or Zn accumulation in roots of 
radishes grown in ZnEDTA treated soils or soils 
not treated with Zn, relative to controls. 
Some restrictions in total Zn accumulation in 
root tissues of radishes grown in sludge treat¬ 
ed soils (10, 20, or 40 ppm Zn) were attribut¬ 
able to a P effect. However, these restric¬ 
tions were often accompanied by reductions in 
yield. Restrictions in total accumulation of 
Zn in the shoots of radishes grown in ZnEDTA 
treated (50 or 100 ppm Zn) or sludge treated 
soils(20 or 40 ppm Zn) were attributable to 
soil P treatments. Within the sludge treat¬ 
ments restrictions in total Zn accumulation 
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in shoot tissues were generally accompanied 
by reductions in shoot yield. 
Shoot yields of radishes grown in sludge 
treated soils (5* 10» or 20 ppm Zn) were sig¬ 
nificantly increased through K treatments of 
400 ppm K. This trend was not realized in 
corresponding root tissues, or when K treat¬ 
ments totaled 200 ppm K. Raising K levels 
of soils treated with sludge (10, 20, or 40 
ppm Zn) or ZnEDTA (100 ppm Zn) generally did 
not effect restrictions in tissue accumulation 
of Zn in radishes, relative to respective 
controls, without influencing corresponding 
reductions in yield. 
I 
INTRODUCTION 
The applications of municipal sludge to farmlands 
has often been suggested as a viable waste recycling 
alternative to landfill or incineration. However, severa 
characteristics associated with municipal waste materials 
including unbalanced fertilizer analyses (Bear and 
Prince, 1955) and high heavy metal analyses (King and 
Morris, 1972; Purves and MacKenzie, 1973) have been 
attributed to reductions in crop yields in sludge field 
trials. 
Milorganite, a commercially available activated 
sludge product, has been shown to be proportionately low 
in K (personal communication; James Latham, Jr., Sewage 
Commission of the city of Milwaukee). Bear and Prince 
(1955) attributed decreases in yields of silage corn 
grown on soils treated with 4 sludge sources to a lack 
in substrate K. Yields were subsequently inhanced on 
sludge treated plots with increases in K fertilization. 
Further documentation of this phenomenon has escaped the 
attention of the author. 
Reductions of yields and inhanced Zn concentrations 
in ryegrass (King and Morris, 1972) grown in soil treated 
with liquid sludge have been attributed to increased 
forage levels of Zn. The authors corrected these 
conditions through applications of dolomite. Tan et al. 
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(1971) concluded that the Zn complexed as organic chelates 
within the soil solution of a sludge enriched soil system 
represents a high percentage of Zn available for uptake. 
The authors observed that these complexes were more stable’ 
at pH 7 than at pH 5.5. They postulated that factors 
which decrease the stability of these Zn complexes in the 
2+ 
soil solution increased the Zn in solution and thus 
increased the potential for creating Zn toxic conditions 
for plants. Cunningham et al. (1975) illustrated that 
plants utilize ionic Zn more efficiently than comparable 
amounts of Zn in sludge form. Norvell and Lindsay (1969) 
established that ZnEDTA complex stability is significantly 
reduced when soil pH falls below 6.3. Studios by 
Mascianica and Barker (PART I) have indicated that Zn 
accumulation in radishes grown in soils treated v/ith 
ZnEDTA (50 ppm Zn) was significantly inhanced when soil 
pH was reduced from 6.7 to 5.9. Studies concerned with 
the influences of soil pH on yields and Zn accumulation 
in crops grown in soils treated with dried municipal 
sludge are seemingly absent from the literature. 
Zinc-phosphorus antagonisms have been held account¬ 
able for reductions in yields and Zn contents of potatoes 
(Boawn and Leggett, 1963) , soybeans (Paulsen and Rotimi, 
1968), and corn (Adriano et al., 1971) grown in soils 
containing inherently low Zn levels. The influences of 
soil P on the yield and accumulation of Zn in the tissues 
of crops treated with organically complexed Zn have not 
been observed. 
The intent of this experiment is to monitor the 
influences of soil pH, and soil P and K levels on yield 
and accumulation of Zn in the tissues of radishes grown 
in ZnEDTA treated and sludge treated soils. 
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MATERIALS AND METHODS 
Soil System. A soil mix of 7 parts loam, 3 parts 
sifted peat, and 2 parts coarse sand (by volume) was 
prepared in February 1976 for use in this study. Soil 
masses of 1000 g were weighed and contained in,15-cm pots. 
Experiments. All experiments were conducted under 
greenhouse conditions. In each experiment all fertilizer 
treatments were applied preplant and replicated 5 times 
in a complete randomized block design. Radish seeds 
(Raphanus sativus L., cultivar 'Cherry Belle') were sown 
into the soil at the rate of 15 to 20 seeds/pot. Upon 
establishment the seedlings were thinned to 5 uniform 
plants/pot. Pots were irrigated with deionized water 
throughout the course of the experiments. The plants 
V7ere harvested upon attaining marketable maturity (35 
days). Plant materials harvested from each pot were 
rinsed with deionized water and separated into edible 
expanded hypocotyl-root complexes (hereafter referred to 
as roots) and shoots. The tissue samples v/ere force-air 
oven dried at 70 to 75°C, weighed, and ground in a wiley 
mill. 
Experiment 1. Effects of soil pH, P, and K on yield 
and Zn accumulation of radish grown in soil treated with 
varying levels of a municipal sludge. Milorganite, an 
activated sludge solid, was utilized in this experiment 
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(see Table 1 for chemical analysis). Six sludge treat¬ 
ments of 0.0, 1.6, 3.2, 6.4, 12.8 and 25.6 g/kg of soil 
were incorporated. These sludge treatments were 
proportional to additions of 0, 100, 200, 400, 800, and 
1600 ppm N, and 0.0, 2.5, 5.0, 10, 20, and 40 ppm Zn 
respectively. For each sludge level controls and treat¬ 
ments utilizing 2 levels of Ca(H2PO^)2 (200 and 400 ppm P) 
and 2 levels of KCl (200 and 400 ppm K) were prepared by 
mixing the compounds intimately v/ith the soil systems. 
Soil pH was adjusted from 5.8 to 6.3 and 6.8 by the 
additions of 0.5 g Ca(0H)2 (270 ppm Ca) and 1.0 g Ca(OH)2 
(540 ppm Ca) respectively. 
Experiment 2. Effects of soil pH, P, and K on the 
yield and Zn accumulation of radish grown in soil treated 
with varying levels of ZnEDTA. Three ZnEDTA treatments 
proportional to additions of 0, 50, and 100 ppm Zn were 
applied in solution form. For each Zn level controls and 
treatments utilizing 2 levels of Ca(H2PO^)2 (200 and 400 
ppm P) and 2 levels of KCl (200 and 400 ppm K) were 
prepared by mixing the compounds intimately with the soil 
systems. Soil pH was adjusted from 5.8 to 6.3 and 6.8 
by the additions of 0.5 g Ca(OH)2 (270 ppm Ca) and 1.0 g 
Ca(0H)2 (540 ppm Ca) respectively. A total of 200 mg N 
was applied in liquid form to each pot within this experi¬ 
ment in two applications of NH^NO^ at 14 and 23 days after 
Table 1. Partial chemical analysis of 
Milorganite, an activated commercially 
available sludge product. 
Analysis % composition^ 
N. 6.25^ 
P 2.38 
K. 0.32 
Ca. 0.69 
Mg. 0.32 
S. 1.02 
Fe. 6.40 
Mn. 180 ppm 
o.  13 ppm 
Cu. 410 ppm 
Zn. 1550 ppm 
Pb.  460 ppm 
Hg. 5 ppm 
Cr...  6000 ppm 
o. 5 ppm 
Latham, Jr., Sewerage Commission of the City 
of Milwaukee, Wis. 53201 
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seeding. 
Chemical Analysis. Plant tissue samples were 
prepared for Zn analysis using the following procedure. 
All apparatus was first acid-washed with concentrated HCl 
and rinsed with distilled water. For each observation 
200 mg of oven-dried tissue was weighed out and trans¬ 
ferred to a 50 ml Erlenmeyer flask. Approximately 8 ml 
of HNO^ (70%) was added to each sample. The solutions 
were then brought to a boil on a vented digestion plate. 
The samples stood boiling until the color of the vapors 
expelled from the vessels changed from a reddish tint to 
near opaque white (5 to 10 minutes). Hydrogen peroxide 
(30%) was then added to the solutions dropwise until 
additions totaled 2 ml/flask. The resultant liquor was 
cooled, transferred to a 25 ml volumetric flask, and 
brought up to volume with distilled water. Samples were 
analyzed for Zn by atomic absorption procedures. A U.S. 
Bureau of Standards orchard leaf sample v/ith analysis was 
obtained to test the accuracy of the utilized HNO2-H2O2 
digestion procedure. Results are listed in Table 2. 
Table 2. Accuracy in determination 
of Zn concentrations in plant tissues 
using a HN0^-H202 wet ashing procedure. 
— Sample preparation method — 
U.S. Bureau of HNO^-HpOp 
Standards ^ 
Orchard leaf sample 
Zn, ppm of dry wt. 
25 1 3 24.8 
^Determined by atomic absorption 
methods. 
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RESULTS AND DISCUSSION 
Growth Response. The influences of P, K, and Ca 
(pH) levels on the shoot yield of radishes grown in soil 
amended with varying levels of sludge and ZnEDTA can be 
seen in Table 3. Optimum shoot yield for radish controls 
grown in sludge-treated soil were realized when additions 
totaled 800 ppm N (20 ppm Zn). Aerial portions of 
radishes grown in soils which received 0, 100, or 200 ppm 
N as sludge (0.0, 2.5, or 5.0 ppm Zn) appeared N 
deficient. Visual symptoms included reduced yield, 
yellowing, and dyeback of older grov/th. The 1600 ppm N 
sludge treatment (40 ppm Zn) depressed shoot yield. 
This affliction appeared to be the result of excessive 
substrate nitrogen levels, not Zn toxicity, as similar 
reductions in the shoot yield of radishes grown in soil 
treated with 100 ppm Zn (as ZnEDTA) were not noted. 
The higher level of K nutrition (400 ppm K) markedly 
increased shoot yield of radishes grown in soils that 
received higher levels of sludge (5, 10, and 20 ppm Zn) 
relative to respective controls. This trend was not 
realized in the highest sludge treatment (40 ppm Zn) or 
within the ZnEDTA treatments. Intermediate levels of K 
nutrition (200 ppm K) did not effect a similar growth 
response under comparable conditions. This finding is 
in agreement with data presented by Bear and Prince (1955) 
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who reported increases in silage corn yields when con¬ 
comitant K fertilization was included in a sludge 
fertilizer program. Increasing the soil pH (Ca), or P 
content of soils treated with varying levels of either 
ZnEDTA or sludge did not consistently increase shoot 
yield in radishes relative to respective controls. 
The influences of P, K, and Ca (pH) levels on the 
root yield of radishes grown in soil amended with varying 
levels of sludge and ZnEDTA can be seen in Table 4. 
Optimum root yields for radish controls grown in sludge 
treated soil were achieved when sludge additions totaled 
200, 400, and 800 ppm N (5, 10, and 20 ppm Zn respective¬ 
ly) . Reductions in root yield realized through sludge 
treatments of 0 and 100 ppm N (0 and 2.5 ppm Zn), and 
1600 ppm N (40 ppm Zn) v/ere attributable to absences and 
excesses in substrate N respectively. Significant in¬ 
creases in root yields of radishes grown in soil treated 
with ZnEDTA (50 or 100 ppm Zn) accompanied concomitant 
additions of 400 ppm K, relative to controls. Potassium 
additions of 200 ppm K also effected a similar response 
when ZnEDTA treatment was not applied. This trend was 
not realized when Znl^DTA treatments totaled 100 i:)pm Zn 
or when Zn in sludge form was utilized. Increasing the 
soil pH (Ca) or P content of soils treated v/ith varying 
levels of either ZnEDTA or sludge did not consistently 
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66 
increase root yield in radishes, relative to respective 
controls. 
Effect of pH on ^ Accumulation. Table 10 shows the 
influence of soil pH on the concentration and total 
accumulation of Zn in the tissues of radishes grown in 
soil amended with varying levels of ZnEDTA and sludge. 
Increasing the pH of soils amended with sludge or ZnEDTA 
through the additions of Ca(OH)2 reduced Zn concentrations 
and restricted total Zn accumulation in the tissues of 
radishes, relative to respective controls. However, in¬ 
creased soil pH generally did not influence Zn concentra¬ 
tions or Zn accumulation in the tissues of radishes when 
soils received no added Zn. Under high Zn treatments the 
restriction in total Zn accumulation in the tissues of 
radishes which accompanied increases in soil pH appears 
to be due to a reduction in the uptake of Zn by the 
radishes, as there was generally no effect of soil pH 
(Ca(0H)2 additions) on radish yield (Tables 2 and 3). 
It has been shown that the stability of the ZnEDTA 
complex (Norvell and Lindsay, 1969) and the sludge source 
Zn organic complexes (Tan et al., 1971) in the soil system 
is significantly reduced when soil pH is lowered below 
near neutral conditions. Tan et al. (1971) hypothesized 
that reductions in the stability of Zn organic complexes 
in the soil system bring about a rapid release of Zn 
67 
Table 10. Influences of soil pH on the concentrations and 
total accumulation of Zn in the tissues of radishes grown 
in soils amended with varying levels of two Zn sources. 
Ca(0H)p Zn added 
addedf as sludge, soil JUOOIAC^ ■ 
ppm ppm pH concentration accumulation 
of soil of soil root shoot root shoot 
__ Zn, ppm _ ug : Zn/pot 
of dry wt. 
0.0 0 5.8 28 a 38 a 25 a 29 a 
0.5 0 6.3 26 a 34 a 19 a 18 a 
1.0 0 6.8 28 a 40 a 25 a 29 a 
0.0 20 5.9 115 e 178 e 238 e 333 d 
0.5 20 6.3 75 c 132 c 167 d 242 c 
1.0 20 6.8 50 b 113 b 133 cd 195 b 
0.0 40 5.9 143 f 252 g 122 c 381 e 
0.5 40 6.4 107 d 216 f 97 be 293 d 
1.0 40 6.9 79 c 149 d 83 b 226 be 
Zn added 
as ZnEDTA, 
ppm 
of soil 
0.0 0 5.8 47 a 61 b 108 a 141 a 
0.5 0 6.3 35 a 53 ab 81 a 87 a 
1.0 0 6.8 35 a 41 a 81 a 120 a 
0.0 50 5.7 184 d 249 e 458 d 583 e 
0.5 50 6.3 123 b 193 d 279 b 431 be 
1.0 50 6.7 124 b 178 c 309 be 422 b 
0.0 100 5.8 315 e 422 g 649 e 1089 f 
0.5 100 6.3 188 d 269 f 461 d 512 ede 
1.0 100 6.8 158 c 258 ef 401 cd 524 de 
For each Zn source category, means within any column 
followed by a different letter are significantly different 
(P = 0.01). 
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into the soil solution, which could be responsible for 
the enhancement of Zn uptake by crop systems. The 
presented data concur with this hypothesis. The data 
also offer evidence that soil pH comparably effects the 
relative availability of Zn in EDTA and sludge source 
organic complexes for plant uptake. 
The accumulation of Zn in the tissues of radishes 
grown in soil which received no added Zn was not affected 
by soil pH. A similar trend was noted when Zn additions 
as sludge totaled 2.5, 5, or 10 ppm of soil (Tables 7 and 
8). It would appear that native soil Zn availability, 
when inherent soil Zn contents are above the level needed 
for adequate plant grov/th, is less affected by liming 
than is a higher soil Zn condition created by the 
addition of large amounts of Zn amendments. 
Effects of Soil P on ^ Accumulation. The influences 
of soil P on dry weight yield, and total Zn accumulation 
in the roots of radishes are presented in Table 11. 
Total accumulation of Zn in the roots of radishes that 
received ZnEDTA soil treatments, or no Zn soil treatment 
was not influenced by additions of P, relative to 
respective controls. However, increasing the total soil 
P level of soils treated with sludge (10, 20, or 40 ppm 
c 
Zn) generally restricted the total accumulation of Zn in 
the roots of radishes, relative to controls that received 
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Table 11. The influences of soil P levels on dry weight 
yield and total Zn accumulation in the roots of radishes 
grown in soil amended with varying levels of 2 Zn sources. 
Fertilizer added, 
ppm of soil 
P as Zn as 
Cadi^PO^)^ sludge 
Radish root 
yield, 
dry wt. 
Radish 
root Zn 
accumulation 
— g/pot - - — ug Zn/pot - 
0 0 0.89 a* 25 a^^ 
200 0 0.52 a 14 a 
400 0 0.70 a 18 a 
0 10 2.49 d 152 de 
200 10 2.12 cd 104 c 
400 10 2.44 d 95 be 
0 20 2.07 cd 23B f 
200 20 1.59 b 121 cd 
400 20 1.74 be 176 e 
0 40 0.85 a 122 cd 
200 40 0.60 a 60 b 
400 40 0.72 a 101 c 
Zn as • 
ZnEDTA 
0 0 2.30 abc 108 a 
200 0 2.18 ab 94 a 
400 0 3.00 c 108 a 
0 50 2.49 abc 458 b 
200 50 2.55 abc 429 b 
400 50 2.44 abc 415 b 
0 100 2.06 a 649 c 
200 100 2.50 abc 592 c 
400 100 2.78 be 606 c 
• ^ 
For each Zn source category, means within any column 
followed by a different letter are significantly 
different, . o.05) = 0.01) 
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no P treatment. Generally, for radishes grown in sludge 
soil treatments of 10 or 20 ppm Zn, reductions in root 
yields accompanied restrictions in total Zn accumulation 
in root tissues when soil treatments of 200 ppm P v/ere 
incorporated, relative to respective controls. These 
restrictions in Zn accumulation could therefore be 
attributed to a reduction in yield. Reductions in Zn 
accumulation in the roots of radishes v/hich were realized 
through 400 ppm P treatments within the 10, 20, and 40 
ppm Zn sludge levels, and through 200 ppm P treatments 
within the 40 ppm Zn sludge level could not be accounted 
for by a reduction in yield. 
The influences of soil P on dry weight yield and 
total Zn accumulation in the shoots of radishes can be 
seen in Table 12. Increasing the level of P in soils 
which received 20 ppm Zn as sludge, or no added Zn did 
not influence the total accumulation of Zn in radish 
shoots, relative to respective controls. Under sludge 
soil treatments proportional to 20 or 40 ppm Zn total 
Zn accumulation in the shoots of radishes was unaffected 
or restricted by concomitant additions of P to soils, 
relative to respective controls. These restrictions in 
total Zn accumulation in the shoots of radishes grown in 
soils treated with 20 or 40 ppm Zn as sludge, realized 
through P treatments, were generally accompanied by 
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Table 12. The influences of soil P levels on dry weight 
yield and total Zn accumulation in the shoots, and the 
ratio of Zn in the tissues of radishes grown in soil 
amended with varying levels of 2 Zn sources. 
—^Fertilizer added,— shoot Zn 
ppm of soil Radish shoot Radish root Zn 
P as Zn as 
yield. shoot Zn ratio 
Ca(H2P0;^)2 sludge 
dry wt. accumulation 
g/pot ug Zn/pot 
0 0 0.76 a* 29 a** 1.2 a*^ 
200 0 0.56 a 21 a 1.5 ab 
400 0 0.54 a 24 a 1.3 ab 
0 10 1.76 de 144 b 1.0 a 
200 10 1.80 de 160 b 1.5 ab 
400 10 1.80 de 151 b 1.6 ab 
0 20 1.87 e 333 d 1.4 ab 
200 20 1.59 cd 275 c 2.3 be 
400 20 2.20 f 356 de 2.0 ab 
0 40 1.51 c 381 e 3.1 c 
200 40 1.26 b 275 c 3.2 c 
400 40 1.50 be 327 d 4.3 d 
Zn as 
ZnEDTA 
0 0 2.31 141 a^^'^ 1.3 a^^'* 
200 0 2.32 a 111 a 1.2 a 
400 0 2.37 a 119 a 1.1 a 
0 50 2.34 a 583 c 1.3 a 
200 50 2.32 a 517 be 1.2 a 
400 50 2.44 a 493 b 1.2 a 
0 100 2.58 a 1089 e 1.7 a 
200 100 ■ 2.43 n 004 d 1.3 a 
400 100 2.59 a 782 d 1.3 a 
For each Zn source category, means within any column 
followed by a different letter are significantly 
different, ^(P = 0.05) = 0.01). 
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corresponding reductions in shoot dry v/eight yields 
relative to respective controls. Thus, these restrictions 
in Zn accumulation could be attributed to a reduction in 
yield. Applications of 200 or 400 ppm P to soils treated 
with 50 or 100 ppm Zn as ZnEDTA generally restricted or 
did not influence the total accumulation of Zn in the 
shoots of radishes, relative to respective controls. 
These restrictions in the accumulation of Zn in the shoots 
of radishes grown in ZnEDTA treated soils which were 
realized through the enhancement of soil P levels cannot 
be attributed to reductions in shoot yields. 
Numerous reports have indicated that P may restrict 
assimilation of Zn into crops. Several explanations have 
been proposed for this phenomenon. Precipitation of Zn 
as phosphate has been held accountable for P-Zn antagonisms. 
However, several investigators have shown that the 
solubility of Zn in soils is not affected by the presence 
of P (Viets et al., 1953; Boawn et al., 1954; Warnock, 
1970). Later investigations have attributed the P-Zn 
interaction to a reaction between P and Zn within the 
roots of the afflicted crops which subsequently reduces 
assimilation of Zn into aerial portions of the crops 
(Burleson and Page, 1967; Boawn and Leggett, 1963; Langin 
et al., 1962). The net result is realized as a lowering 
of Zn concentrations in the aerial portions. The fact 
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that a P-Zn interaction exists is disputed by Wallace et 
al. (1974) who attribute decreases in tissue Zn concen¬ 
trations through inhanced substrate P levels to a 
Steenbjerg effect (a dilution in tissue Zn concentrations 
through differential yield responses to P fertilization). 
The data presented do not support the idea that soil 
P has a dynamic effect on the availability of Zn for 
uptake by radishes grown in soil treated with organic 
sources of Zn. Had P greatly antagonized the 
availability of these Zn compounds one would expect to 
observe consistent reductions in the total accumulation of 
Zn in root tissues under conditions of inhanced soil P 
which could not be explained by differences in relative 
yield. In several instances (200 ppm P/40 ppm Zn as 
sludge; 400 ppm P/10, 20, or 40 ppm Zn as sludge) P 
applications contributed to the development of restric¬ 
tions in Zn accumulation in root tissues without reducing 
yields. This could be a true incidence of a P-Zn 
antagonism, where P has immobilized Zn in the unanalyzed 
primary root tissue and the end result is a reduction in 
Zn accumulation in the analyzed rool. T I' is also ])os,s. iblc' 
that these instances, which generally occurred under the 
highest sludge conditions, could reflect a confounding 
influence of P on the sludge-soil system in which the 
overall availability of Zn for root accumulation is 
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restricted. The data reflected an indirect evidence for 
this latter explanation. In the ZnEDTA series, where soil 
conditions and crop yields were more consistent, no P-Zn 
antagonism on the accumulation of Zn in radish roots was 
observed. Results of an associated study incorporating 
KH2P0^ (200 and 400 ppm P) and ZnEDTA (50 ppm Zn) con¬ 
curred that there is no evidence which indicates P 
consequentially antagonizes the accumulation of Zn in 
radish root tissues (Part I, Table 8). Thus, the true 
effect, if any, of P as an antagonist to plant uptake 
of Zn from sludge treated soils might be a result of an 
indirect interaction of P with the sludge-soil system, 
not a direct effect of substrate P on the rate of Zn 
accumulation by radish roots. 
The data presented several instances where restric¬ 
tions in the total accumulation of Zn in the shoots of 
radishes that received P treatments were not accompanied 
by changes in yield. In associated studies (Part I, 
Table 8) KH2P0^ treatments proportional to 400 ppm P 
induced similar restrictions in the shoots of radishes 
grown in ZnEDTA treated soil (50 ppm Zn). To determine 
to what extent P nutrition could affect translocation of 
Zn from root to shoot tissues in radishes ratios of: 
total Zn in the shoots (ug Zn)/total Zn in the roots 
(ug Zn) were calculated (Table 12). The results indicate 
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that the ratios were not significantly decreased by P 
treatments relative to respective controls that received 
no P, as would be expected if a reduction in the trans¬ 
location of Zn from root to aerial portions were occurring 
under P treatment. It would seem plausible that P could 
play a role in the physiology of Zn translocation from 
root to aerial portions of crops, as evidenced by several 
investigators. However, the effect is inconsistent, 
poorly understood, and is seemingly of little importance 
in the restriction of Zn uptake by radishes grown in sludge 
treated soil. 
Effects of soil K on 7^ accumulation and yield. 
The relatively low K analysis of Milorganite (Table 1), 
the utilized sludge solid, prompted an investigation into 
the influence of soil K levels on the yield of radishes 
grown in sludge-treated soil. Total Zn accumulation in • 
the tissues of radishes was also monitored in an effort 
to uncover any antagonistic effects of soil K levels on 
Zn uptake by radishes grown in Zn contaminated soils. 
The influences of soil K levels on dry weight yield and 
total Zn accumulation in the shoots and roots of radishes 
grown in soil amended with varying levels of 2 Zn sources 
are presented in Tables 13 and 14 respectively. Shoot 
yields were generally greater when K amendments propor¬ 
tional to 400 ppm K accompanied sludge treatments. 
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Table 13* The influence of soil K level on dry weight 
yield and total Zn accumulation in the shoots of radishes 
grown in soil amended with varying levels of 2 Zn sources. 
Fertilizer added, 
ppm of soil Radish shoot Radish 
P as 
Ca(H2P0^)2 
Zn as 
sludge 
yield, 
dry wt. 
shoot Zn 
accumulation 
— g/pot - — ug Zn/pot — 
0 5 1.45 b* 84 a^* 
200 5 1.02 a 71 a 
400 5 2.03 ef 138 b 
0 10 1.76 cd 1^(4 b 
200 10 1.44 b 166 b 
400 10 2.23 f 180 b 
0 20 1.87 de 333 e 
200 20 1.47 b 287 cd 
400 20 2.58 g 312 de 
0 40 1.51 b 381 f 
200 40 1.17 a 265 c 
400 40 1.55 be 276 cd 
Zn as 
ZnEDTA 
0 0 2.13 ede^ 141 a*» 
200 0 1.94 abc 111 a 
400 0 2.15 bed 97 a 
0 50 2.34 de 583 c 
200 50 2.18 cd 458 b 
400 50 2.29 ede 481 b 
0 100 2.58 e 1089 d 
200 100 1.80 ab 583 c 
400 100 1.65 a 545 be 
For each Zn source category, means within any column 
followed by a different letter are significantly 
different = 0.05) = 0.01). 
Table 14. The influences of soil K level on dry weight 
yield and total Zn accumulation in the roots of radishes 
grown in soil amended with varying levels of Z Zn sources. 
Fertilizer added, 
ppm of soil Radish root Radish 
P as 
Ca(H2P0i^)2 
Zn as 
sludge 
yield, 
dry wt. 
root Zn 
accumulation 
- g/pot - — ug Zn/pot — 
0 5 2.26 cd'**’ 90 ab^^* 
200 5 2.01 cd 91 ab 
400 5 2.48 de 129 cd 
0 10 2.49 de 152 de 
200 10 1.99 c 94 abc 
400 10 2.73 e 167 e 
0 20 2.07 cd 238 f 
200 20 1.12 b 85 ab 
400 20 2.14 cd 184 e 
0 40 0.85 ab 122 bed 
200 40 0.60 a 60 a 
400 40 1.07 ab 103 be 
Zn as 
ZnEDTA 
0 0 2.30 ab^ 108 
200 0 3.21 c 125 a 
400 0 3.48 c 108 a 
0 50 2.49 ab 458 b 
200 50 2.96 be 379 b 
400 50 3.■^7 c 479 b 
0 100 2.06 a 649 c 
200 100 . 2.48 ab 630 c 
400 100 1.96 a 402 b 
For each Zn source category, means within any column 
followed by a different letter are significantly 
different *(P = 0.05) = 0.01). 
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relative to controls which received no added K. 
This trend was not realized when K additions to sludge 
treated soils were proportional to 200 ppm K, or v/hen 
K amendments were applied to ZnEDTA treated soil. The 
influence of soil K levels on total accumulation of Zn 
in the shoots of radishes varied with Zn treatment levels. 
Potassium treatments generally did not restrict the 
accumulation of Zn in the shoots of radishes when Zn 
treatments were low (5, 10, or 20 ppm Zn as sludge) or 
lacking, while some evidence of restrictions in the 
accumulation of Zn in the shoots of radishes v/as noted 
when K treatments proportional to 200 or 400 ppm K 
accompanied large Zn treatments (40 ppm Zn as sludge, 50 
or 100 ppm Zn as ZnEDTA). Of these K treatments which 
I 
effected restrictions in the accumulation of Zn in the 
shoots of radishes, all but three treatments (200 or 400 
ppm K/50 ppm Zn as ZnEDTA; 400 ppm K/40 ppm Zn as sludge) 
also effected corresponding reductions in shoot yield. 
Root yields (Table 14) were not enhanced when K 
treatments accompanied sludge application, relative to 
respective controls which received no added K. Potassium 
treatments did enhance root yields relative to respect¬ 
ive controls in several instances in the ZnEDTA series 
(200 ppm K/0 ppm Zn as ZnEDTA; 400 ppm K/0 or 50 ppm 
Zn as ZnEDTA), although this trend was not consistent 
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throughout all ZnEDTA treatment levels. With the 
exception of 3 instances (200 ppm K/40 ppm Zn as sludge; 
400 ppm K/20 ppm Zn as sludge or 100 ppm Zn as ZnEDTA) K 
treatments proportional to 200 or 400 ppm K did not in¬ 
fluence restrictions in the accumulation of Zn in the roots 
of radishes grown in ZnEDTA, or sludge treated soil 
v/ithout effecting corresponding reductions in root yield. 
Bear and Prince (1955) suggested that the weakest 
point in a fertilizer program which incorporates municipal 
sludge as the sole nutrient source is the absence of 
adequate K content within the sludge, which can lead to 
nutrient imbalance in the soil system. The authors 
demonstrated through comparative field studies that yields 
of silage corn grown on sludge treated plots could be 
increased through concomitant additions of K. The 
presented data comparably indicate that the enhancement 
of K levels in sludge treated soils can increase radish 
growth, although these increases were confined to the 
aerial portions of radishes which received 400 ppm K soil 
treatments. This nonetheless is further evidence that K 
supplements to sludge fertilizer programs are essential 
if optimum yield is to be maintained. 
Data relating the influence of soil K levels on the 
uptake of Zn by crops from soils amended with Zn in organic 
form are seemingly absent from the literature. The 
30 
presented data indicate that increasing the level of K in 
sludge or ZnEDTA treated soils has no consistent antago¬ 
nistic effect on the accumulation of Zn in the tissues of 
radishes. For approximately 50% of the observations where 
K antagonisms on Zn accumulation in radish tissues v/ere 
realized, restrictions of Zn accumulation in the tissues 
were accompanied by corresponding reductions in tissue 
yield. Thus, these restrictions in Zn accumulation through 
K treatments could be explained through a differential 
yield response. It appears that raising the K levels of 
sludge treated soils has little consequential effect on 
reducing Zn accumulation in radishes, although because of 
some discrepancies a K-Zn antagonism cannot be unequivo¬ 
cally discounted. 
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